Background Cancer survivors may experience posttraumatic growth (PTG), positive psychological changes resulting from highly stressful events; however, the longitudinal course of PTG is poorly understood. Purpose The purpose of the present study was to determine trajectories of PTG in breast cancer survivors and associated characteristics. Methods Women (N=653) participating in a longitudinal observational study completed questionnaires within 8 months of breast cancer diagnosis and 6, 12, and 18 months later. Group-based modeling identified PTG trajectories. Chisquare tests and ANOVA detected group differences in demographic, medical, and psychosocial variables.
Introduction
Posttraumatic growth (PTG) is defined as "positive psychological change experienced as a result of the struggle with highly challenging life circumstances." [1, 2] Such circumstances typically involve trauma or major losses that "represent significant challenges to the adaptive resources of the individual, and . . . to individuals' ways of understanding the world and their place in it." [2] The most frequently used measure of PTG, the Posttraumatic Growth Inventory (PTGI), measures positive changes across five domains: relating to others, new possibilities, appreciation of life, personal strength, and spiritual change [3] . It has been used in research focused on cancer patients and post-treatment survivors [4, 5] .
Research confirms that cancer creates a "significant adaptive challenge" for most people, particularly after diagnosis and at the end of treatment [4] . Women with breast cancer can have difficulty adjusting to the fact that they have cancer [6] . Further, at the end of treatment, they are often concerned with the ever-present possibility of cancer recurrence [7] [8] [9] .
Nonetheless, longitudinal studies of women with breast cancer have shown that most women maintain good psychological adjustment during the course of their treatment [10] [11] [12] .
Among the few longitudinal studies of PTG after breast cancer, most have reported stable mean levels of PTG [13] [14] [15] [16] . Of note, each of these studies followed women for only 3-6 months, whereas longer-term research has identified increasing PTG after breast cancer. The earliest such longitudinal analysis reported steadily rising levels of PTG during the 1.5-2 years following breast cancer diagnosis [17] . Data from the sample in this report were previously analyzed [5] using random effects models to assess average changes in PTG over time; those results showed that mean PTGI scores increased during the first 18 months after diagnosis and leveled off thereafter [5] .
Each of these longitudinal studies of women with breast cancer described average changes in PTG over time, but none has assessed whether there are subgroups of women who exhibit common patterns of change (e.g., start low and remain stable, start low and increase rapidly). Group-based trajectory analysis can be used to identify subsets of women who exhibit similar longitudinal patterns in PTG, providing a more nuanced view than is available from typical analyses. The first study of PTG trajectories was conducted in a sample of persons living with HIV [18] . In that study, PTG was measured at only two time points (mean time between measurements was 1.6 years), and groups were identified in which PTG was stable (consistently either high or low), increasing, or decreasing. Those who were consistently high and those who increased in PTG had significantly lower depressive symptoms at follow-up than those who were consistently low or decreased in PTG [18] . This study did not examine how individual baseline characteristics were associated with membership in various PTG trajectories.
Since then, only one study has examined PTG trajectories using more than two timepoints in a sample of cancer survivors [19] . Taiwanese women with breast cancer completed measures at four time points over the first year after surgery. This study identified four trajectories of PTG: high stable, high decreasing, low increasing, and low decreasing. The last group showed the sharpest change in PTG, with levels declining to near zero. The four groups did not differ on medical variables or marital status, but the two groups with high PTG were younger and more educated. Depression at time 4 was highest in the low increasing and high decreasing groups, which also had the most similar PTG levels at time 4. Anxiety at time 4 was highest in the low increasing group, while the final measures of positive affect were highest in the groups with high stable and high decreasing PTG.
Better understanding of the temporal course of PTG during and after the cancer experience thus remains a research priority [4, 20] . From the present literature, we are unable to tell whether/how PTG is maintained or changes over time [1, 21] . This work is critical for considering optimal timing and potential target groups for possible interventions.
In short-term studies, PTG was positively associated with worry about breast cancer [13] , social support [13] [14] [15] , and cognitive or problem-focused (planning and active) coping [14, 15] . Similarly, predictors of higher PTG in a prior analysis of data from the current sample included higher baseline level of illness intrusiveness and greater increases in social support and activeadaptive coping, along with higher levels of education and greater increases in mental health and spirituality [5] . Higher PTG among breast cancer survivors has also been associated with younger age at diagnosis, more emotional expressiveness, and more time spent considering reasons for developing cancer [17] .
To better understand PTG patterns following a cancer diagnosis, the goals of this analysis were to (1) determine whether there are identifiable patterns (trajectories) of PTG up to 24 months post-breast cancer diagnosis and (2) identify demographic, medical, and psychosocial factors associated with PTG trajectories. We hypothesized that (1) there would be varying patterns (trajectories) of PTG with some stable, increasing, and decreasing, and that (2) greater illness intrusiveness, social support, and active-adaptive coping and younger age would be associated with higher stable and increasing PTG trajectories (based on the literature [13] [14] [15] 17] and our prior work [5] ). There has been little work that has examined variables associated with trajectories of PTG making it difficult to specify further the expected relationships of baseline variables with PTGI score over time.
Method

Sample
Data for these analyses were derived from a larger study designed to examine age differences in adjustment to breast cancer [22, 23] .Women were eligible for this observational, longitudinal study if they were aged ≥18 years, had received their first diagnosis of stage I-III breast cancer within 8 months of completing the baseline survey, and were able to read and understand English. A total of 658 women were recruited from 740 mailed surveys (initial response rate 89 %). After determining 5 respondents to be ineligible, the final sample was comprised of 653 women. Retention and data capture were excellent; while no incentive was offered, recruiters maintained excellent rapport with participants and mailed an annual newsletter and birthday card to all participants to preserve their interest in and commitment to the study. All women provided PTGI data at baseline, 94 % at 6 months, 91 % at 12 months, and 86 % at 18 months; 544 (83 %) provided complete PTGI data at all four time points. Overall, 93 % of the possible PTGI was obtained.
Sample characteristics and baseline values for psychosocial variables are shown in The following variables were included in the analysis as factors potentially related to trajectory group membership.
Demographic variables Demographic information obtained at baseline included age (continuous), race (White, non-White), marital status (married/partnered, other), educational level (≤high school, some college, college degree, post-graduate), and ability to pay for basics (very/somewhat hard, not hard).
Medical variables A comprehensive medical chart review was performed upon completion of primary treatment. Data included date of breast cancer diagnosis, cancer stage (I, II, III), type of surgery (lumpectomy only, mastectomy without reconstruction, and mastectomy with reconstruction), radiation therapy (yes/no), and chemotherapy (yes/no).
Depressive symptoms The Beck Depression Inventory (BDI) version IA [24] , a 21-item scale, was used to assess depressive symptoms [25] . Item scores were summed to provide the total BDI score, which ranges from 0 to 63; higher scores indicate more depressive symptoms. The BDI has been used with a variety of clinical and non-clinical populations and has been validated as a reliable screening tool for depressive symptoms, with a score of 10 and above considered indicative of depression warranting clinical attention [25] . Internal consistency for the BDI tends to be high (α = .89) [24] . In this sample, Cronbach's alpha was .87 for the baseline measurement.
Coping Coping was assessed with the 28-item Brief COPE scale [26] , which measures 14 conceptually differentiable coping reactions and is based on the longer COPE inventory [27] . Participants rated the extent to which they used each response when trying to deal with cancer-related stresses. Cronbach's alpha for individual scales ranged from .50 to .90 in the original validation sample [26] . As previously reported [5, 22, 23] , a second-order factor analysis was conducted on the current data, according to recommendations from the author of the Brief COPE scale [26] . This factor analysis revealed two domains. The first coping factor, active-adaptive coping, was calculated as the mean of eight subscales: selfdistraction, active coping, emotional support, instrumental support, venting, positive reframing, planning, and turning to religion. Cronbach's alpha was .79 at baseline. The second coping factor, passive coping, was calculated as the mean of three subscales: self-blame, denial, and behavioral disengagement. Cronbach's alpha was .51 at baseline.
Illness intrusiveness The Illness Intrusiveness Rating Scale [28] [29] [30] measured the extent to which participants perceived that breast cancer diagnosis and treatment affected 13 life domains: health, diet, work, active recreation, passive recreation, financial situation, relationship with spouse, sex life, family relations, other social relations, self-expression, religious expression, community and civic involvement.
Respondents rate the impact of cancer on each domain from 1 (not very much) to 7 (very much). Total scores can range from 13 to 91, with internal consistency typically greater than .80 [31] . In this study, Cronbach's alpha was .90 at baseline.
Social support The RAND Social Support Scale measured respondents' evaluation of the functions and resources provided by their social network [32] . It measures four aspects of support: emotional, tangible, affection, and social interaction [33] . An overall support score is the mean of the 19 items and ranges from 1 to 5, with higher scores indicating greater support. Cronbach's alpha was .91 for the total score in the validation sample [32] . Cronbach's alpha in this sample at baseline was .96 for the overall support score; for the subscales, internal consistency at baseline was .95 (emotional), .87 (tangible), .88 (affection), and .94 (social interaction).
Plan of analysis
The group-based trajectory model SAS procedure TRAJ [34] was used to identify distinct subgroups of women who followed similar PTGI total score trajectories over time. We modeled PTGI using a censored normal distribution [35] . Trajectories were initially modeled as a quadratic function of time since diagnosis, which served as a more clinically meaningful metric than time since the baseline survey, which varied from 1 to 8 months post-diagnosis. When the quadratic term was nonsignificant for a trajectory, it was removed, and that trajectory was remodeled as a linear function of time. The linear term was retained even if it was non-significant. The Bayesian Information Criterion (BIC) and group size were used simultaneously to select the final number of trajectory groups. A higher BIC indicates a better model fit, and the BIC tends to increase as the number of trajectories increase. However, as the BIC includes a penalty for the number of model parameters, over-fitting can result in a decrease in the BIC. A change in the BIC (from a model with n trajectories to one with n+1 trajectories) of three or more is considered strong evidence that the more complicated model provides a better fit [36] . Accordingly, in considering models with varying numbers of trajectories, we selected the model with the largest number of trajectories if the BIC was at least 3 units greater than the BIC of the next largest model. Further, we required the membership probability (approximately the proportion of the sample) to be ≥5 % for all but one (at most) of the trajectory groups. It has been suggested that each trajectory should have membership probabilities of 5 % or higher, but because small groups could also be interesting, we allowed the smaller probability [37] .
The TRAJ procedure computes posterior probabilities of group membership for all individuals. These probabilities measure each individual's likelihood of belonging to each of the trajectory groups. Individuals were assigned to the trajectory group for which they had the maximum posterior probability. The TRAJ procedure includes all observations with data at any time point under the assumption that the missing data are missing completely at random [38] .
Chi-square tests and analysis of variance were used to determine which baseline characteristics were associated with trajectory membership. Predictor variables used in these analyses included demographic (age, race, marital status, education, ability to pay for basics), medical (time since diagnosis, cancer stage, type of surgery, receipt of radiation therapy, receipt of chemotherapy), and psychosocial (active-adaptive coping, passive coping, illness intrusiveness, depressive symptoms, social support) variables. SAS version 9.2 was used for all analyses.
Results
Trajectories for PTGI total score
Six PTGI trajectory groups emerged to characterize the patterns that women followed over the first 24 months following diagnosis. The six-trajectory solution was chosen as the best fit because, after six groups, the BIC increased by less than 3 points (see Table 2 ). The overall mean posterior membership probability was .80, while the mean probabilities for membership in the individual trajectories were .86, .83, .74, .77, .80, and .83 in trajectories 1-6, respectively. Nearly all (98 %) posterior probabilities pertaining to final group assignment were>.50. Sixty-four percent of the sample had posterior probabilities of ≥.75 for membership in the assigned trajectory group; the lowest posterior probabilities pertained to groups 3 and 4, where 54 and 43 % of the women in each group, respectively, had posterior probabilities <.75 for their group assignment.
Plots of the six trajectories are shown in Fig. 1 . The intercepts and linear terms (i.e., slopes) are shown in Table 3 . Three of the six trajectories (1, 4, and 6), containing almost half the women, are relatively stable, with non-significant changes over time. Trajectories 2 and 5 had significant, but modest, changes over time. Thus, throughout the first 2 years postdiagnosis, PTG remained relatively low in trajectories 1 and 2, moderate in trajectories 4 and 5, and high in trajectory 6. Conversely, PTG in trajectory 3 changed dramatically over time. In this group, PTG was initially low, rose sharply over the first 12-16 months post-diagnosis, and then plateaued at a relatively moderate level. Across all trajectory groups, the weighted average increase in PTGI was approximately 5.8 units over 2 years.
Characteristics related to PTGI trajectories
Associations between participant characteristics and membership in the six PTGI trajectory groups are summarized in Table 4 . Age (p=.0001), race (p=.009), chemotherapy status (ever/never; p=0.005), use of active-adaptive coping strategies (p<.0001), illness intrusiveness (p<.0001), depressive symptoms (p=0.03), and social support (p<.0001) all differed significantly among the groups; ability to pay for basics (very/somewhat hard vs. not hard) did not quite reach statistical significance (p=0.053). Marital status, education, cancer stage, and use of passive coping strategies were not significantly associated with differences among trajectory groups.
As shown in Table 4 , trajectories 3-6 had a higher proportion of women who were non-White, relatively young, and treated with chemotherapy; they also reported relatively higher baseline levels of illness intrusiveness, depressive symptoms, and active-adaptive coping than women in the other trajectory groups. Differences were most pronounced between trajectory 1 (very low) and trajectories 4-6 (moderately high). Compared to participants reporting relatively high levels of PTG, participants in trajectory 1 (very low) were more likely to be older and White and less likely to have received chemotherapy. In addition, they reported less use of active-adaptive coping strategies, lower illness intrusiveness, and fewer depressive symptoms. Participants with the lowest (trajectory 1) and highest (trajectories 5 and 6) levels of PTG also reported the highest levels of social support.
Participants in trajectory 3, the only group with a significant quadratic term and a steep increase in PTG, reported moderate levels of most predictors; however, these women reported the second-highest depressive symptom scores at baseline and included the second-largest proportion (15 %) of non-White individuals. Pairwise comparisons additionally identified characteristics that distinguished women in this trajectory from women in trajectories 1 and 2 whose PTG remained low. Women who showed a dramatic increase in PTG over time reported greater use of active-adaptive coping (p<.01) at baseline than women in both trajectories 1 and 2 and more depressive symptoms and illness intrusiveness (all p≤.01) at baseline than women in trajectory 1.
Discussion
Individual differences in the longitudinal course of PTG have received scant research attention [1, 18, 19, 21] . This study identified trajectories of PTG during and after cancer treatment in a large longitudinal dataset of women with breast cancer. The best fitting model yielded six trajectories. In three of those groups (one low, one moderate, and one high), PTGI total scores did not change significantly over time, suggesting that for approximately half of the women, PTG was stable over the 2 years post-diagnosis. Two additional trajectories (one low and one moderate) increased significantly, though modestly (approximately 5 units over the 2 years). Only trajectory 3 demonstrated a sizeable increase in PTG. Women in this group started out with low levels of PTG, increased to moderate levels over the first 16 months following diagnosis, and then leveled off. These findings partially supported our hypothesis that there would be varying patterns of PTG with some stable, some increasing, and some decreasing. We observed no decreasing PTG trajectories.
The null to modest increases in PTG seen for most of this sample are consistent with several other longitudinal studies, each of which followed women for approximately 6 months to 1 year after breast cancer diagnosis [13] [14] [15] [16] 19] . However, these results contradict previous findings from longer-term research, in which PTG rose steadily during the 1.5-2 years following breast cancer diagnosis [17] . In our earlier analysis of this dataset using random effects models, we found an approximate 10-unit increase in PTGI over time [5] . That Bold text indicates the number of groups selected for the current analyses model included time-invariant and time-varying covariates, and the latter covariates were held constant when estimating PTGI changes. In a random effects model without covariates, the estimated change in PTGI overtime was 6.7 units, just slightly greater than the weighted average in the current analysis. Interestingly, this trajectory analysis shows that while, on average, PTG increases over time, such an increase is not found in all women. Half of the women showed no change at all, and the majority of those who did increase reported only a modest increase. A small number of women demonstrated an impressive increase in PTG over time. The current analyses thus provide a more nuanced understanding of how women may experience PTG following a breast cancer diagnosis. Women who reported moderate to high levels of PTG, either consistently (trajectories 4-6) or gradually over time (trajectory 3), were more likely to be non-White, relatively young, and treated with chemotherapy. They also had relatively higher baseline levels of illness intrusiveness, depressive symptoms, and active-adaptive coping than women reporting low levels of PTG. These findings suggest that the coexistence of greater difficulty and effective coping may be important for promoting higher PTG, a finding that is consistent with the PTG theoretical model [39] . Thus, receiving a breast cancer diagnosis at a younger age and having to undergo chemotherapy may be especially disruptive for women, yet still allow them to engage in adaptive processes that also enable them to experience positive changes such as PTG. For most women (i.e., the 71 % in trajectories 4-6), this happened quickly, while a small group of women (trajectory 3) developed PTG only over time. Future analyses could additionally clarify the experiences of this latter unique group by examining time-varying covariates; for example, considering the specific domains of illness intrusiveness over time may be important, as the perceived challenge of breast cancer may affect different areas of women's lives and in different ways throughout the course of diagnosis, treatment, and survivorship [40] .
Conversely, women with the lowest reported levels of PTG (trajectory 1) also reported the lowest levels of illness intrusiveness and depressive symptoms. Thus, the diagnosis of cancer was not as disruptive to their lives as it was for women in other trajectories, possibly due to factors such as older age, less financial strain, no chemotherapy treatment, and higher levels of social support. Moreover, they reported the lowest levels of activeadaptive coping, likely because they reported not being as challenged by their cancer experience and therefore required less coping. This is consistent with the PTG model, which indicates that some individuals who experience a potentially stressful event will not find it disruptive to their personal goals, narrative, or worldview and thus will not engage in processes that ostensibly can lead to PTG; nonetheless, these individuals may experience other positive outcomes such as life satisfaction or well-being [39] . A growing body of evidence indicates that such positive adjustment occurs in approximately one third to one half of women with breast cancer [40] [41] [42] [43] . Some of the women in trajectory 2, who also reported low PTG, may have had a similar experience to those in trajectory 1. However, women in trajectory 2 reported more illness intrusiveness and depressive symptoms than women in trajectory 1, yet similarly low levels of active-adaptive coping and even lower levels of social support. It is therefore likely that women in trajectory 2 were distressed by their cancer diagnosis but did not have the psychosocial resources to manage it very well, leading to their slow development of low PTG over time.
Social support was highest among women reporting more extreme levels of PTG-either very low (trajectory 1) or high (trajectories 5 and 6). Thus, for some women, such as those reporting very little PTG, social support may provide a buffer that prevents breast cancer from being disruptive enough to catalyze PTG. Alternately, for women with higher levels of PTG, social support may serve as an effective means of coping with the stress of cancer and cultivating PTG. The former finding is relatively novel, while the positive association between PTG and social support is consistent with prior research [13] [14] [15] and the PTG theoretical model [39] . Given the small, though statistically significant, differences between trajectories' social support scores, these results should be interpreted with caution. However, potential quadratic relationships between social support and PTG may be an important direction for future studies.
There are several limitations to note. First, the sample size of trajectories 1 and 3 is quite small (n=26 each). Second, the sample is comprised solely of female breast cancer survivors and has limited diversity (race, education). Although the sample thus limits generalizability, the analyses still add to the understanding of PTG by providing evidence of subgroups of PTG trajectories in response to cancer, along with medical and psychosocial correlates. Nonetheless, given the lack of data beyond 24 months post-diagnosis, the longer-term trajectory of PTG remains unknown. Because cut-points for low versus high PTG and the implications of various PTGI scores have not been established, we have used the term "relatively" in describing low, moderate, and high levels of PTG. Finally, the passive coping factor demonstrated poor internal consistency in this sample. Rather than representing a unitary construct, the separate elements of the Brief COPE that comprised this factor (self-blame, denial, and behavioral disengagement) may be a better reflection of the coping processes.
These limitations notwithstanding, specific strengths of this analysis include a large sample of breast cancer survivors (N= 653) and longitudinal data collected from shortly after diagnosis up to 24 months post-diagnosis. Further, these results expand existing knowledge of positive psychological adaptation, specifically PTG, in female breast cancer survivors. Since the PTGI was introduced in 1996, it has been widely used to study PTG and is the most frequently used measure of positive psychological change in cancer survivors [3, 4] . Only one prior study has examined common PTG trajectories in a cancer survivor sample, and it identified only four trajectory groups [19] . In that study, none of the groups demonstrated a sharp increase in PTG over time, and two of the groups showed significant declines in PTG, one modestly and one sharply. This pattern contrasts with the current findings, in which one group demonstrated sharp increases in PTG over time, and none of the six trajectory groups exhibited a significant decrease in PTG. However, the previous trajectory analysis was conducted in Taiwanese women, and while PTG has been validated in many different groups, some aspects may be influenced by culture [39, 44] . Moreover, that study focused on adjustment instead of investigating baseline covariates such as coping and social support that may be important for the development of PTG. The results presented in this manuscript therefore provide a significant initial step to better understand how PTG may develop over time in breast cancer survivors. Important future directions will include replication of PTG trajectory analyses in other samples and determining whether various trajectories demonstrate any differential relationships with mental and physical health outcomes.
Although this study did not expose the women in this sample to specific interventions to facilitate PTG, we do not know what resources might have been present in their social networks that could have contributed to PTG development. Some survivors may achieve PTG without any formal intervention. These data suggest that survivors who were not particularly challenged by their cancer and were resilient to challenges of the cancer experience, or were unable to adapt successfully at all, reported less PTG, whereas those who found the experience of cancer particularly intrusive and distressing and reported use of more active coping strategies achieved higher levels of PTG. Relatively few women appear to change their level of PTG over time, with most reporting quite stable levels of PTG across the range of the scale. The relative consistency shown for women with moderate to high levels of PTG might indicate that, for many women, PTG is not a transitory coping mechanism but a more persistent change in life perspective. Based on these data, some survivors may benefit from interventions to enhance PTG, while those who are resilient or finding PTG on their own may not. As knowledge of PTG predictors and outcomes expands, interventions may be developed to facilitate these processes in cancer survivors who find the experience of cancer particularly challenging and do not spontaneously report such positive outcomes. However, such work should be undertaken with caution so as not to imply that all survivors should or will experience PTG following a cancer diagnosis.
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